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(54) MAGNETIC THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic thin film which can 
simultaneously realize a high saturated magnetic flux density and a high specific 
resistance, can reduce losses caused by eddy currents or ferromagnetic 
resonance, and can show a high permeability even at a high frequency. 
SOLUTION: A soft magnetic thin film in which fine ferromagnetic metal particle 
phases not longer than 20nm in average particle diameter and ferromagnetic 
insulating phases not smaller than 1 ,000u.Q.cm in specific resistance exists in a 
granular structure and shows a high permeability not smaller than 300 at a high 
frequency of, for example, not smaller than 500MHz and, at the same time, has a 
high saturated magnetic flux density of 1 .3 T. The ferromagnetic metal phases 
contain either iron or cobalt or both iron and cobalt as a main component and the 
ferromagnetic insulating phases are composed of an oxide containing iron and 
oxygen as main components and contain a nonmagnetic metal element (for 
example, one or more kinds of elements selected out of Au, Ag, and Cu) which 
does not substantially form any solid solution with the above-mentioned 
ferromagnetic metal at a mixing ratio not larger than 20at.%. 



http://www1 9.ipdl.tnpit.go jp/PA1 /result/detail/main/ wAAA2TaG 1 mDA41 01 89322... 2009/02/06 



09)H#B4$ff/r (JP) 02) & ^ Jjgp |f Q ^ (A) 



^W^FIO- 189322 



(51)IntCl. s 

HO IF 1/20 

C2 3C 14/14 

HO IF 10/12 



msmm 



F I 

H 0 1 F 1/20 

C2 3C 14/14 

HO IF 10/12 



<21)tiUl#^ 1$)S¥8 -350742 


(71)fflJSA 


000003067 








<22)ffl«B ¥l£8 ^(1996) 12327 H 




«j^K(t»^K 1 TS13S 1 




(72)SSW# 


®* 






BWMU#nTOIB#*iK 2-20-3 






3£f 3*WJ 






sttuwoi^ff*eisA*iiJiiiwr 7 -41- 






305 




(72) mm^ 








JtSCSB+^K B *m-T § 13« 1 - 










(72)fg^# 








5te&&>p ;m s^m-rs is» 1 - 








(54) se^o^] 






(57) [g#->} 






(fl?&-r^*fsi!i] *mi<Dmmw. mmmmmm&t 







M^Kist^r 4> 3 O OJ!iU:©iSl»a8S**M-ri 4 *» 

tc. i. 3TS£i±<ommam^.^m.^^t&wmmm 



1 

insm i ] mm^mmtttmm^ 1 o o o u qo&jl 

gmftLToiW-mf&m* 2 0 n m Jy T"C * & C £ £ 

[flMSBS ] «nB!iBBMMIfft6*»*»J:D t 3''t* h©4> 
©4>ft < £ & 1 «^££fMtf&7CSS£ #>-o$gffi£f»£ 
»JBjS^*j J: DfMSRSr3E»««S7C»£ TSBlfl3BJ"C& 3 

c £ £ tr^n^m. K£tg©fflt(*Mt. 

f. ®?8Se^JS<fc?) feBWfcWC< l>#B8f£:feJS7c3!$©*!> 
ft< £fc 18H&2 OJK^K£iT©«£-'t?**r*"*3»# 

1 ~ 3 ©l»fh6> 1 «&ClBt£©fi&l4?i K. 
[W33SB5J iusB3Sfigt^S£HaWfcH^*^# 
■T, J: 9 & gift Lie < ^^5e?tt^lR7c**SA 

u. As, Cutr*SC£ft1S«£rS8lWtai~4© 

tvrn* i 3£gBtt©«tt?«K. 

[0 00 1 ] 

a&«3s »K, XMRTOttffiKjrHIQcttA^ 9 K, ISM 

&©«cfi8Ettit)BitclWr*. 
[0 0 0 2] 

wit.iflaftt^9 Ftc4»t»rtt. *©twBW« 

«*s^fiE©*H-MH z fe6&>ff3fcCc«8r@MH z «± 

ji^-tcot^rfc, iSJi&i^©^*;*^*^ 

Tt,>5„ L^t/*3^e>, «A»N i F e£-#3?©fi£sfc© 
ffiB&flllVIgB. *©Jt«Sip:^t>e £*&«&«!*» 
3feW*S < ft 9 . SfffllftccfcetSjffljBMEWfiTr S?t» 
c©£$ftj*MSMfc#J^#fti»£i>$J*&# 

a. 

[0003] -«««:. «8tttm©Hisa»»tt*iwi!R'r 

ajJKH£ft£&©«. ^iftiSH&B&ftfcJ: 

t iwr & c £ k j: ^ <t o icja^WR: ^ 
-rattetmB. i«fjtffijs*owftffl]«s»a©«aift* 



(2) 1 0- 1 89 32 2 

2 

[0004]iC5^ n^itmrn^n^mmmt 

*n&*vr^£. ccw5 r^^-a^-^fjgj £b» 
^tt^JlfljWfflfttH^ UT^f**B©*&<:#ffcl, 

fc*t*-cB^-*«ijs*^-r*>©"c**. 

[0 0 0 5 ] «B8 5 P4 - 2 6 1 0 5#&#RJC 

B, TFe-M-Oj (MB3 Al9i7C%fe<J:&4 ASot 

io jji^B^strri^s,, 

[0 00 6] *&. W^¥4 - 6 2 8 0 6 *&$Uct*. 
TCo-M-Oj (MB3 A8l7Gff», 4A$£c3ft*5 e fct) 1 
5Al!e7c3R**6aBSlSnti5— f»ISU:©7c3R) 

[0 00 7] tft6©^-»?Hia*fc^#£Sfi!Si 
MB. Fe, Co©£9&3i8att&)IS7HR. HSttttttA 
JK5c3RJ:>3t)ieRilS^l/-*»-n»7aRM, fcitf&^ic 

[0008] c©mi^£inKimbWfiWB^^ 

BP^s MPS'?:?*?"? 
^^W3S^g*4MAG-9 6- 1 5 8<Cj:tit£. ^Co 
-M-OJ (Mil/TGe, Sn. Si, A 1 ) m<D{f 

M©BMfc©l/*»-*-3©«K> K<fct>. ^snsisfliii 
a^ft ^ Co ^{btJ©£)^£©^ 3 **^MT-;&£ 
& ^9-»9-«Jfi«i©J|gfiSj5»SS-t?*SB©*#3W 
ftdtlTl^. *fc, TC o-A 1 -OJ |g©^5-^ 

HE. *©JBiHHa-ffc©fcabtcB)Rit»©»IStMa©«l^* 

sfca&tc *©w^*flwias-a'SifiwaBe*K3W«ii> 

L-CL$ i 5£^ ; 5Sft^*o/'c 0 BH&, KISffi^Sfb£ 
WttS^fbiBfflKTSMffjWM-S 4lr> 5 m»S3W* 

40 [0010] — 5?. #m*6 - 2 5 1 9 3 9 #K4H,»T 

taFeiFe 4 N©2ffi*6JS:SttWffiSIEW«iHw3 

tin,=-5„ cct, Fe.Ntti. eTa^i^fel 

a©2 0~6 0%^tSi6-Cl^C£^6» > 1. 78T~ 
1 . 9 1 T £ (,» 5 J; 5 ft lifi§ffi^m® SE©»»WfPl* § 
*lTt>5. L^bft^6. )Krf B F e 4 N ©i:bffijK* s lff < 
ftUCi^. H£#i bT©tt^tn»*Ar f> 1 0 

50 4 N©tfcffitKtt*#WKBM^3*i'Ci'>ftt»l , fn£fe. 



3 

T, 2 0 0~3 0 0/ttQcmfclTT***>«)iJftia!lStl 
[0 0 1 1 ] 

[fS9§#j&& L/ =fc 5 i -T as® ] ^BJIS±S2$ 

©r& K> . itfg^IIiSJfi^fcJ: CflKIiSS/i* Rip tc us 
or, Wig. 5ffl»tt««R:J:*«^*i®jW-*i4fe 

-sct^g^i-re. io 

[0012] 

[WHfcJB&'r **:#©*«] ^%BJ#«> JbiB§itgI£ 
( 1 > mffi®&mtStimtri& 1 00 0 « QanBLbOSS 

[0013] ( 2 ) pia5&m£^tB£»J£-f 
?®W8gi!« 1 0 n mKTT?*«C 44«F»i-r4 20 

( i ) ©mui. 

[ooi4] ( 3 > wfimwss&mtwmiizvzisw 

h©ifi©4>&< 1 «9H«£SWAtc«4 U 

rife5ci^#m<b-rs (i) <2) ©ai» 
[ooi5] ( 4 ) mnmim&mtmMMicmm&z 

m<D'J>K < £ i> 1 2 0 JBK^-XKTCW^^^- 
* ( 1 ) - ( 3 ) ©l»f*ft*©»HHI. 30 
[0016] ( 5 ) tm9KaH£^£»*tttcB8f*« 

3R«JAu, Asr, Cu^SCi^f iti ( 1 ) - 

(4) ©t>rhjfe©fflH$»m, 

[0017] 

h z JKJi(Diss?gcc4ii,>r & 3 o o6i±©ie(riaas»* 

mb. etifcirafcri. 3 T«±©iff^fpfi8mtfg^* 40 
faWaStt(SW«4a«-i-SCi3Wt?*S. t*i*«fc»)l£ 

)v y <D*?<D'pt£ < 4 i> i as^^s^^s* <t u 

(WiHAu, Ag, C u tpCD^ft < it, 1«IB) £2 
[0018] 50 



#?S¥1 0 - 1 S 9 3 2 2 
4 

Jci3M*>n3fc©r£>£„ AtHMBfctt. c©tt£ftJK 

«, Sfitttt^ffii JttffiK** 1 0 00tfQ cmt{±©3Ji« 
tt«iftffii*#fiS-l**Ci-p»«3nSfe©tf*t». 

ig^Mfe^sfa*^rs^iis^©^se@^^2 o 

n mJWTr & £ <fc 5 K 3 

[0019] <t 0 JMTOtCt*. mfcttfc&£J3c&£ Ofc 
^?Sffi^Kta4^©a8Yt!»JtB*>6&S56fiatt^*WaS: 

©*>©3&Sf#6nS„ C©cfc^«Cy5-a7-«JS{Cf S 

[0020] imvmm&mmzmf&rz&mt vx 

*i6©^*«JR-«ffl-r*Ci«s-C**. Sgf2 
(dBHR iU 5 ft af&©7n»?r^T ?>J:^iC hfc 

(J:«3SfSL/< ttl OnmOT) -5 C i #*f Jifib 
5„ *©¥*MStS*»±IB©fl 20nm)J:H 
JkZ i> i ^fictt, «Sie^S5SFtt©K»©fc*(c«i:a8« 

$ttCcfc£Sifii©*£m<!: urf#6nfcffi?:jg-rfe©r* 

[0 02 1 ] *»»HK*»t4rfflC»6ti«5ia«ffl«i||^ 

znmt its, -eoitiSRs&s 1000^0™ 

tLL©&©#jgR • flgns. *©ifasta*» 1 0 0 0 
m Q cmJ; 0 feigti i ^ icitt, ttJR^©Jtffi^adsffi< 
0, *©#S*iLrWJBIifi»tt*m5ffc-S-*t:i«ciQc4. 
[0 022] 9afB^®14ffi^f*fB^#^T-SM^<b br 

ti. tf «fe©BMt*rc* §TFe,Oj ^^ffl-r sci 

^ttlfe^ftffli LT» V mtS©T F e , 0,K»Tltft 

<, ifc©lWfciBiffl*««|Jfl«;K:*tfJ:^KOit. r f e - 
oj ^©^^Btssi©fe©"c*-3rfe«fct>. <fi© 

mtf. F ej O„ ZnFe ; 0 4 , Mg 

fer#^ 0 



5 

[ 0 0 2 3 ] $ &(C, 2pW»K«S«f©*JR(Cte«,»"C 

[ o o 2 4 ] c c -c, rgt^^is £ £9tft tc@l«ft« 

S&IRtf 1 5W%«Tt^^)S^^tJCi^l« 
TS. «itWCu(coi,>T*Si. aKSttLTttl. 8 
%£EaK£ uriaigft^^L, i io 

0-1 2%*^il/TH®&£Bi&-r5#i. C©<fc-5 

[0 02 5] tt*s, MfE©®figtt^lli||Me i )tcEI?§fl: 

rjso. miB^WBEtt&W7c«®asin* , i"*c < bB:. -e© 
m&&?zticj:2>. Bfria^tt^Ji?«s©mi)P 

* f * c i K J; 0 , ttftHSSUBateTtf 3 c <t tdna. 
JJtf JflfclTfc 1 *" £ C i U C ©RBt*jB*.T«S 

ft^jRTeRtaBR-i-sctfciaii-c**^ ^-©^©2 

[0026] ftiftitta^ h 4£j&&£T5Mft# 30 
JKiiaW«)KB«*4JI5s!SS-e&i»ciK:J:*). 

Au. As, Cu4^tf£C<t#T'££„ 

[0027] *§mtc%zmmwm\z. mussum 

^^*>x»*fiMTSC£«cJ:9«je3*i<6. C©£ 

» h-c£><fc<, -e©isjy±4^*-r^#i?-^^ h 

[0 028] -77. MH^JR &9MI8f«f bW«JB»«- 

r F e , O a *0«!lKf41Wfc»*jH*^to-a-fca^* — ^ 

h*, ^A r»BM#T*X;^£j&B§-f§t: 50 



mmW- 1 0- 1 89 322 
6 

^HMcf TfT 5 C £ t>TS £. 

[0029] KrE^^fifBaRKjimsns^^wiffi 

iDTB, r f XA? ^^{C-ftf^fcr-A*;^ £ 

^TWRoJujftstfc-rci s. c©s*an«i*jt 

tt, BSRtttSc©3Btw&**SCt3!P6, 2 0 0°C 
£lT©ffi»iI»&*i3S IA>„ 
[0 0 3 0 ] *ftf&tcffi&fti&tt;ilBt». |}*ffi?B#H 

mt *> c £ tc <t n -c in a h k 4##-r -5 c £ & -c ^ s . 
[0 03 1 ] ±fc. *^tcffi&ttfiS1£ffiffiK. i£KL 

ffitft-r^ci*s*-sfcj&tc, 3 0 o*cjMT©ifflSrcaM& 
S4tf ^ z±&$f& L/t\ cn=&a^.^iffa©i^^4 

C©m^©J£IStfcJ:^, tSfn^^K©® 
T^ltiEtrt©®T4aE G ^ nJt^a fe * £ . 
[0032] 

[0 03 3 ] Unvm.ii r f if* h ui/XJl v ^SB 

[0 0 3 4] aS»Jl$0. 5mm©3-^.>^±M*l 
rS#-5f7 0 5 9 <D*J5X&R&&&9 ! 5 9 

[0 03 5] H4. IS1 0 0mm©*6tt*fc 

t33(*a-'<Jl'h©5'-' J^f F«C. rFe^^^y^', Fe 
-B (8 0 : 2 0 a t%) Au (^) *3j;0*V 

(^•^^^ a) (Drnmsm* y?z, r* 1 j k^-t 

h <b L/C 

[0 03 6] ccr, HtfeMJCfcW-SAutt. ^*5<fcO* 

[0 0 3 7 ] ib«WKte»*V«. ttKWU-CH 

[0 03 8 ] J&:*>\ F e-B (80 : 20at%) 
7'©tfc®frLtt3 0 O^QcnfTS^fc. 

[0 03 9] CtUCjtfbT, r F ejOj?"? 7"©itJSK 
85 00 0/iC ad&Lht?* 0 . ESmmBiZM^fe-C 

[0 040] X^-y ^»H^i ltBi7^3> 



C5) 



[0041] ft*. -$wmmm cmrnme , i > «co 

8#fci»*flflE2X«*0fc (T*=f>+IH6) ®# 

[0 042] WIB^«:-1«fiB««!^1S*«#^Sfc 

Sffiafic^tf 2 50 te ©fift»*^«*«:^ffli 
WCfcUEPflllL/fc. ?OESilil/-Hill2~4 0nm/ 

o , vmimmmimtz i o o n m t u & 

kETS E PMACCJ; 5 ffij&^flrffl <t ttffiSn^oqaSWftt 10 
©SMBfifflic«l jimilfc. 

[0 043] f«IB^HIim«fii4JjgL,fcS^©^JrfelT 

[0044] ( i ) tsjmmKWv * - vwimim 

(RBS) fccfcOOC^v-Y VUTi-z? (EPM 
A) (C^gfr-afc. 

[0045] ( 2 ) ttffitn o CD»iJS»eSft 4 iSFF-StfC «fc 
[0 046] ( 3 ) ttfflSlK«l£B s ifiBttJH c ©8'J 



1 0- 1 89 32 2 

8 

: [0047] ( 4 ) mffimtKDm&ic^-az'U UJL- 
[0 048] ( 5 ) mmtmnammfrnKm <te 

M) KJ;*S»Sf*i«fceJtX«ligilfft (XRD) *6^7 

-©StejejSLTsfca&fc. 

[0 04 9] C©Mffem«: r*2j K^StlT^4i 
T^-Si. rFe-08j ilE*83n-C«,^©B, 

[0 05 0 ] JK±©S:^6*»i»©aftSttljBIR'C* 

BP*k r^2j «C**tJSSlSMiWl~9*tt«MfKl 0 
-~ 1 e i*fjfi-tilill6*»r*s <fc 5 k, SXIfeMKfe 

[0 05 1 ] *!M®XlfeWc l«JBKfc*Jl»r 

[0 05 2] 
C*l 3 



F»-E 



1 

2 


mmm 
mmm 


MS 

«* 


1 0 
1 5 


3 


mmm 




1 O 


4 


mmm 


UK 


1 O 


5 


mmm 




1 0 


B 


mmm 


tttt 


0 


7 


mmm 


Jtft 


0 


a 


mmm 




1 o 


g 


mmm 




1 0 


1 0 






0 


i i 


ittt* 


MR 


1 0 


1 2 






5 


1 3 




It* 


0 


1 4 


JttlfcM 


mm 


1 0 


1 5 






0 


1 6 






0 



0 0 

a o 

0 Au:0. 5 

O AuM. S 

0 A u : 1 0 

0 0 SKft*/ty* 

0 Au : 1 0 SLZ&Z.*1*j* 

0 0 

0 Au: 1, 5 

0 o 

0 A u : 1 5 

0 0 

2 0 0 

O V:2Q 

0 0 

20 0 



[0 05 3] 



[»2] 



9 



«#H¥ 1 0- 1 89 3 2 2 
10 



UmBL Bs He /> ji D 







a t % 


T 


o« 


is G wn 




nm 


1 




F • - ■ 0 8 


1 . 


7 


1 . 


9 


7 5 0 


tz tt rt 
9 D U 


9 


2 




r E V I £ 


1. 


5 


1 . 


2 


o ft n 
» o u 


ft c n 


a 
a 


3 




F a — fi H _Aij 1 


1 . 


6 


0. 


e 


7 4 0 


RCA 

P D U 




4 




F o H —■ A u 3 


1 . 


5 


0, 


5 


6 5 0 


7 S 0 


M 


5 




• D V O ft U 1 £ 


1 . 


4 


0. 


9 


c n n 

o u u 


c c n 
9 3 U 


** 


6 




F ft — 0 1 0 


; . 


a 


1 . 


5 


ft n n 
O v v 


5 2 0 


7 


7 




F«-01 2-Au6 


i . 


3 


0. 


9 


5 50 


680 


4 


8 


MM 


Co-Fi5-08 


1 . 


4 


1 , 


1 


€ B0 


6 DO 


8 


9 


M* 


Co — Fs5-08- A u 3 


i . 


3 


0, 


9 


6 00 


6 5 0 


4 


1 0 


ttMI 


F. 


2, 


1 


4. 


2 


1 s 


4 0 


45 


1 1 


J±*»J 


F»-08-Au22 


0. 


B 


2 6 


28 0 


30 


4 


1 2 




Fe-OB 


1 . 


8 


1 2 


1 5 0 


50 


32 


1 3 


It Ml 


Fi-85 


1 . 


6 


5. 


4 


8 0 


70 


2 5 


1 4 




Fb_09-V23 


0. 


9 


32 


290 


5 0 


3 1 


1 5 


Jt«« 


Co 


1 . 


G 


4. 


a 


1 5 


3 0 


4 2 


1 6 




Co-Fe20-B5 


1. 


7 


3. 


2 


65 


1 20 


27 



[0 054] mJMdlBJIL'C. Httft. SaKfefcnjtcJ: saa*4ffi» 



